
Stopping distance
This lesson introduces stopping distance and the factors that affect it in real driving contexts. Students use the formula  to understand how speed and reaction time affect stopping distance and apply this to practical questions.
Learning intentions
To understand how distance, speed and time are connected in practical situations.
To be able to apply the stopping distance formula to real-world problems.
Success criteria
I can calculate distance, speed and time.
I can convert common units involving distance and time. 
I can use the stopping distance formula to solve problems.
I can explain the components of stopping distance and how different factors influence it.


Outcomes
A student:
· develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01 
· selects and applies algebraic techniques to solve problems involving equations and formulas MST-11-01
Content
Formulas and equations
Substitute numbers into linear and non-linear algebraic expressions, equations and formulas
· Evaluate the subject of a formula, given the value of other pronumerals in the formula
· Calculate distance, speed and time (with change of units of measurement as required) and stopping distances of vehicles using  and  
· Apply given formulas to solve problems in a variety of contexts
Mathematics Standard 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2024.

Associated numeracy outcomes
A student:
· recognises and applies functional numeracy concepts in practical situations, including personal and community, workplace and employment, and education and training contexts N6-1.1
· chooses and applies appropriate operations with whole numbers, familiar fractions and decimals, percentages, rates and ratios to analyse and solve everyday problems N6-2.1
· chooses and applies efficient strategies to analyse and solve everyday problems involving metric relationships, distance and length, area, volume, time, mass, capacity and temperature N6-2.2
· chooses and applies appropriate numeracy operations and techniques to analyse and resolve everyday situations N6-2.6
Numeracy Stage 6 (CEC) Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2021.
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Retrieval practice
	Option to review unit and rate conversions.
	
	Formative assessment. 

	Activating prior knowledge
	Show students the video ‘Best commercial 2014 Car Crash Commercial New Zealand’ (1:02) (bit.ly/carcrashad). Using slides 4–5 of the PowerPoint Stopping distance, students revise the relationship between distance, speed and time. On slide 6, students convert speeds, calculate distances for multiple vehicles, and consider if all would stop at the same time.
	Think-Pair-Share

	Reinforce students’ understanding of the relationship between speed, distance, and time, and support accurate conversions between km/h and m/s.

	Connecting learning
	Show students the video ‘Stopping Distance’ (1:01) (bit.ly/brakingdistance) and have them consider risk versus time saved. Using slides 7–9 and a short expert video ‘Eddie Woo discusses stopping distances and speed’ (2:05) (bit.ly/safestopping), students explore reaction time, factors affecting it, and distinguish between reaction distance and braking distance, leading to the stopping distance formula. Slides 10–17 provide worked examples.
	Think-Pair-Share
Visibly random groups of 3
Vertical non-permanent surfaces
Worked examples
	Strengthen understanding of reaction distance and braking distance as related but distinct concepts. Show how small increases in speed greatly affect stopping distance, build fluency with formulas, and have students justify safe-speed decisions in real-world contexts.

	Releasing responsibility
	Students work in groups to complete a scavenger hunt from Appendix A using stopping distance calculations. Students then complete faded worked examples from Appendix B to develop independent skills and communicate their understanding.
	Visibly random groups of 3
Scavenger hunt
Faded examples
	Provide opportunities for students to apply the stopping distance formula accurately. Support groups to explain reasoning and link reaction and braking distance to total stopping distance. 

	Independent practice
	Students complete Appendix C, with solutions provided on slides 19–25.
	
	Consolidate student understanding of the stopping distance formula in exam-style questions. 



Activity structure
Please use the associated PowerPoint Stopping distance to display images in this lesson. 
Please be mindful that this lesson contains videos with car accidents, which may be distressing for some students. Consider any students who may have experienced trauma related to accidents or loss. You may wish to provide a content warning prior to viewing, allow students to opt out if needed, and create space for follow-up discussion or support.
Retrieval practice
To support access to the lesson content, students may need a brief revision of unit conversions (for example, metres to kilometres and hours to seconds) and rate conversions for speed.
Activating prior knowledge
Show students the video ‘Car crash commercial New Zealand’ (1:02) (bit.ly/carcrashad).
Initiate a class discussion to unpack and clarify the key ideas presented in the video.
1. Display slide 4 from the PowerPoint. Click to animate and in a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to recall what each letter in the triangle represents and what 3 specific formulas the triangle can help us remember. 
2. Remind students that the units used for speed need to match the units for distance and time. 
Slide 5 can be used to demonstrate to students how each of the 3 formulas can be drawn from the triangle representation. 
3. Display slide 6 and by working in pairs, ask students to discuss and justify with calculations, which vehicle would travel the furthest.
Students may need to be reminded that they will need to convert the speed into m/s. This may need to be modelled for the class before they attempt this independently. 
4. Click to reveal each solution on slide 6. 
5. Ask students to discuss in their pair, if an obstacle appeared on the road and the drivers had to stop suddenly, would all vehicles take the same amount of time to stop? Why/why not? If not, what factors might affect stopping distance. 
6. Select non-volunteer students from a variety of pairs to share their responses. 
Students should share that although these vehicles travel the same distance in each example on slide 6, they would take different amounts of time to stop. Students may discuss that things such as a vehicle’s speed, it’s weight, driver reaction time and the outside weather conditions could all have an impact on its stopping distance. 
Connecting learning
1. Show students the video ‘Stopping distance’ (1:01) (bit.ly/brakingdistance). 
1. Ask students to reflect on the video and discuss the following scenario: 
If I drive a distance of 20 km at 60 km/h it will take 20 minutes. If I drive at 65 km/h it will take 18 minutes and 30 seconds. After seeing the video, is saving 90 seconds on your journey worth that risk? 
1. In a Think-Pair-Share, ask students to discuss, ‘If you saw a hazard suddenly appear on the road, how long would it take before your foot would hit the brake and how far do you think you would travel in that time?’ Explain to students that this time is called ‘reaction time’. 
Students may recognise that reaction times may vary between each person and situation. They could also identify factors which might influence reaction time (for example, tiredness, distractions, alcohol). Students should also recognise that the faster the vehicle is travelling, the further it will move in the time taken from seeing a hazard to applying the brake. Teachers should emphasise the fact that whilst reacting, the car travels a certain distance in the time it takes to hit the brake. 
1. Display slide 8 and have students read the information about changes to speed zones in NSW. Click to animate the self-explanation prompts and lead a class discussion. Ask:
Why do you think the government reduced residential speed zones and introduced school zones?
Is 40 km/h slow enough for a school zone?
1. Pose the question, ‘When you apply the brakes, what actually happens between noticing a hazard and the car coming to a stop?’ and have students discuss in a Think-Pair-Share.
The purpose of this question is to elicit student thinking about the sequence of events between noticing a hazard and the car stopping, and to distinguish between reaction distance and braking distance before introducing the formula.
1. Show students the video ‘Eddie Woo discusses stopping distances and speed’ (2:05) (bit.ly/safestopping).
13. Display slide 9 and have students consider the image to help recognise the different parts of the formula. Click to display  and relate the formula back to the image. 
Display slides 10–13 to model a worked example of a stopping distance question using the Worked examples (Your turn) method (bit.ly/supportingstrategies). 
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy). 
Display slides 14–15 and ask students to solve this example question then animate the slide to show the solution. Repeat this process for slide 16. 
Display slide 17 which shows the average braking distance at various speeds. Revisit the earlier question around the ideal school zone speed and ask students to calculate the stopping distances. 
Animate slide 17 and pose the question ‘What should the speed limit be in school zones and why?’ Students discuss their ideas in their groups and justify their choice using valid mathematical reasoning. 
The answers for slide 17 are: 
a.  m 
b)  m
c)  m 
d) m.
Releasing responsibility
1. Assign students to new visibly random groups of 3 to complete the scavenger hunt task from Appendix A ‘Scavenger hunt’.
Print one set of question cards, separate each card, and place the cards around the room. A vertical non-permanent surface could be useful at each card to assist the groups with their calculations.
Each group should start at one of the cards. The students work in their groups of 3 to solve the problem.
Once a group has solved the problem, they need to move around the room to find their solution on another card. Once they have found their solution, they should solve the question attached to the solution and repeat the process.
The activity is finished once the group returns to their original card.
The set of cards contains 10 questions. The appendix shows the cards in order so that the solution to one question is printed at the top of the next card. Teachers may choose to use fewer questions in the scavenger hunt or stop the activity before each group has completed all questions.
On completion of Appendix A, lead a class discussion asking students:
Which problem gave you the most difficulty? 
Which question(s) required a different method to others?
Students are to complete the faded worked examples (bit.ly/fadedexamplesstrategy) in Appendix B ‘Faded stopping distance problems.’ These gradually release responsibility and model communicating mathematically. 
On conclusion of Appendix B, ask students, ‘What does the 125% braking distance actually mean and how does that change what we need to work out first?’
This is designed to highlight that these questions alter the structure of the task. Students must first recognise and apply the 125% increase in braking distance, then work backwards — a different approach from earlier questions.
Independent practice
1. Distribute Appendix C ‘HSC style questions’ for students to complete. This may be completed in their previous groups of 3, pairs, or independently, depending on class needs.
The solutions for these questions have been provided on slides 19–25 of the PowerPoint. 
Students can be further directed to consider the incorrect multiple-choice options to reason and justify why these choices would be provided and what error a student would have to make to select that option. 


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide a scaffolded conversion table (km/h to m/s) for students needing support.
Begin slide 6 with simpler examples (for example, if someone drives at 80 km/h, how far will they travel in 1.5 hours?).
Offer an extension prompt asking confident students to sketch quick distance–time graphs comparing the vehicles.
Connecting learning 
Provide sentence starters such as ‘One factor that increases reaction time is …’ for students who need literacy support.
Extend students by asking them to predict stopping distances before calculations are shown.
To visualise and reinforce understanding of stopping distances, students can measure them outside using a trundle wheel and compare the results. 
Releasing responsibility
Prior to completing the scavenger hunt, provide worked example cards for students needing guidance before attempting each question.
Have students write their own stopping-distance problem for another group to solve.
Independent practice
Increase complexity for advanced students by giving multi-step stopping-distance tasks involving weather conditions, gradients or heavy vehicles.
Allow some students to use a structured checklist for solving problems, while others work independently without scaffolds.


Suggested opportunities for assessment
Activating prior knowledge 
Observe group calculations in Appendix A to check if students can convert km/h to m/s accurately.
Use quick verbal check-ins as students justify which vehicle travels furthest.
Connecting learning 
Use student responses during the hazard reaction-time discussion to check conceptual understanding.
Review student thinking captured on vertical non-permanent surfaces as they work through early stopping distance examples.
Releasing responsibility
During the scavenger hunt, observe whether students correctly connect answers between cards.
Check working on vertical non-permanent surfaces to assess accuracy in applying the stopping-distance formula.
Note whether students can explain their reasoning when answers differ within a group.
Review the faded worked examples in Appendix B to check whether students complete the missing steps correctly.
Independent practice
Collect or sight students’ responses to Appendix C.
Use exit slips asking students to explain the relationship between reaction distance, braking distance and overall stopping distance.

[bookmark: _Appendix_A]Appendix A 
Scavenger hunt
	54km/h
Calculate the stopping distance for a car travelling 60km/h if the reaction time was 1 second and the braking distance is 21 metres. 
	37.78m
Calculate the stopping distance for a car travelling 75 km/h if the reaction time was 1.5 seconds and the braking distance is 38 metres.

	69.25m
Calculate the stopping distance for a car travelling 100 km/h if the reaction time was 1.4 seconds and the braking distance is 64 metres.
	102.89 m
Calculate the braking distance for a car travelling 50 km/h if the reaction time was 0.9 seconds and the total stopping distance is 24.625 metres.




	12.125 m
Calculate the braking distance for a car travelling 80 km/h if the reaction time was 1.1 seconds and the total stopping distance is 76 metres.
	51.56m
Calculate the braking distance for a car travelling 110 km/h if the reaction time was 0.95 seconds and the total stopping distance is 133 metres.

	103.97m
Calculate the reaction time for a car travelling 90 km/h if the total stopping distance was 98 m and the breaking distance was 68 m.
	1.2 seconds
Calculate the reaction time for a car travelling 40 km/h if the total stopping distance was 22 m and the breaking distance was 12 m.

	0.9 seconds
Calculate a car’s speed in km/h if it took 103 m to stop with a braking distance of 71 m and a reaction time of 1.2 seconds.
	96 km/h
Calculate a car’s speed if it took 32 m to stop with a braking distance of 20m and a reaction time of 0.8 seconds.



[bookmark: _Appendix_B]Appendix B
Faded stopping distance problems
Braking distances can increase by 25% in rainy conditions. In each question, calculate the speed someone would need to drive in rainy conditions to have the same stopping distance as the example with dry conditions. 
	1. When Jorja drove in dry conditions at 72 km/h, her reaction time was 1.25 seconds before she applied the brakes. Her braking distance was 40 m. At what speed would she need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  

In the wet, braking distance 
                                             



Jorja would need to drive 43.2 km/h in the wet to have the same stopping distance.
	2. When Gary drove in dry conditions at 54 km/h, his reaction time was 0.8 seconds before he applied the brakes. His braking distance was 24 m. At what speed would he need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  
                             
In the wet, braking distance 
                                             







	3. When Tanya drove in dry conditions at 63 km/h, her reaction time was 0.9 seconds before she applied the brakes. Her braking distance was 33 m. At what speed would she need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  
                             
	4. When Retvin drove in dry conditions at 108 km/h, his reaction time was 1.3 seconds before he applied the brakes. His braking distance was 78 m. At what speed would he need to drive in rainy conditions to achieve the same stopping distance?




[bookmark: _Appendix_C]Appendix C
HSC style questions
Multiple choice
1. A car travels at 60 km/h. The driver’s reaction time is 1.2 s. The braking distance is 24 m.
What is the total stopping distance?
A. 12.2 m
B. 40.7 m
C. 44.0 m
D. 74.0 m
1. A driver has a reaction time of 0.9 s. The car travels at 72 km/h and has a braking distance of 36 m.
What is the reaction distance to the nearest metre?
A. 18 m
B. 45 m
C. 54 m
D. 65 m
A car is travelling at 90 km/h and the driver has a reaction time of 1.1 s. The stopping distance is 79 m.
What is the braking distance?
A. 27.5 m
B. 51.5 m
C. 55.0 m
D. 106.5 m


Free response
(2 marks) Henry’s vehicle has a total stopping distance of 63 m.
It was travelling at 80 km/h and Henry’s reaction time of 1.15 s.
Calculate the braking distance to the nearest metre. 
(3 marks) A car travelling at 60 km/h has a braking distance of 22 m.
In rainy conditions, the braking distance increases by 30 percent.
The driver’s reaction time is 1.1 s.
Calculate the stopping distance in rainy conditions to 3 significant figures.
(3 marks) Two drivers, Alex and Priya, react to a hazard at the same time.
Alex is travelling at 70 km/h with a reaction time of 1.6 s and a braking distance of 34 m.
Priya is travelling at 90 km/h with a reaction time of 0.80 s and a braking distance of 49 m.
Priya argues that because her reaction time was half of Alex’s, her car will stop more quickly. Justify with calculations, if Priya’s statement is correct.
(3 marks) When Lauren was driving at a speed of 45 km/h, she had a reaction time of 1.2 seconds and her total stopping distance was 30 metres. 
When she doubled her speed to 90 km/h, her reaction time remained the same, however her braking distance was 54 metres. When she doubled her speed, what was the percentage increase in her stopping distance? 


Sample solutions
Appendix A – scavenger hunt
1. Calculate the stopping distance for a car travelling 60 km/h if the reaction time was 1 second and the braking distance is 21 metres. 
 m/s
 m
Calculate the stopping distance for a car travelling 75 km/h if the reaction time was 1.5 seconds and the braking distance is 38 metres. 
 m/s
 m
 m
Calculate the stopping distance for a car travelling 100 km/h if the reaction time was 1.4 seconds and the braking distance is 64 metres. 
 m/s
 m
 m
Calculate the braking distance for a car travelling 50 km/h if the reaction time was 0.9 seconds and the total stopping distance is 24.625 metres. 
 m/s
m reaction distance
m braking distance


Calculate the braking distance for a car travelling 80 km/h if the reaction time was 1.1 seconds and the total stopping distance is 76 metres. 
 m/s
m reaction distance
m braking distance
Calculate the braking distance for a car travelling 110 km/h if the reaction time was 0.95 seconds and the total stopping distance is 133 metres. 
 m/s
m reaction distance
m braking distance
Calculate the reaction time for a car travelling 90 km/h if the total stopping distance was 98 m and the breaking distance was 68 m.
 m reaction distance
 m/s




Calculate the reaction time for a car travelling 40 km/h if the total stopping distance was 22 m and the breaking distance was 12 m.
 m reaction distance
 m/s


Calculate a cars speed if it took 103 m to stop with a braking distance of 71 m and a reaction time of 1.2 seconds.
 m reaction distance

 m/s
km/h 
Calculate a cars speed if it took 32 m to stop with a braking distance of 20 m and a reaction time of 0.8 seconds.
 m reaction distance

 m/s
km/h 

Appendix B – faded stopping distance problems
Braking distances increase by 25% in rainy conditions. In each question, calculate the speed someone would need to drive in rainy conditions to have the same stopping distance as the example with dry conditions. 
	1. When Jorja drove in dry conditions at 72 km/h, her reaction time was 1.25 seconds before she applied the brakes. Her braking distance was 40 m. At what speed would she need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  

In the wet, braking distance 
                                             



Jorja would need to drive 43.2 km/h in the wet to have the same stopping distance.

	2. When Gary drove in dry conditions at 54 km/h, his reaction time was 0.8 seconds before he applied the brakes. His braking distance was 24 m. At what speed would he need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  
                             
In the wet, braking distance 
                                             




Gary would need to drive 27 km/h in the wet to have the same stopping distance.




	3. When Tanya drove in dry conditions at 63 km/h, her reaction time was 0.9 seconds before she applied the brakes. Her braking distance was 33 m. At what speed would she need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  
                             
In the wet, braking distance 
                                             



Tanya would need to drive 30 km/h in the wet to have the same stopping distance.
	4. When Retvin drove in dry conditions at 108 km/h, his reaction time was 1.3 seconds before he applied the brakes. His braking distance was 78 m. At what speed would he need to drive in rainy conditions to achieve the same stopping distance?
Calculate reaction distance

 (reaction distance)
Stopping distance  
                             
In the wet, braking distance 
                                             




Retvin would need to drive 54 km/h in the wet to have the same stopping distance.
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